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Introduction
• The series of GOES satellites have been providing continuous
measurements of the Western Hemisphere since late 1970s.
• No onboard calibration device for GOES visible channels.
Vicarious calibration is needed for accurate post-launch radiance.
• For the long-term calimate record development, the reference
target should be characterized traceable to a common reference,
ideally SI standards.
• The Global Space Inter-Calibration System (GSICS) community
selected Aqua MODIS Collection 6 (C6) as the community best
practice reference standard for the inter-calibration of solar
reflected channels

Motivations
• Long-term stable desert can be used to monitor sensor
degradation trending and facilitate cross-comparisons
• The Sonoran Desert is one of the largest deserts that can be
observed by both GOES-West (135W) and GOES-East (75W)
• Historically it was one reference target to study the
degradation patterns of GOES-8/9/10 GOES Imager visible
channels
– Unfortunately, large reflectance anomaly was observed in 2004-2005

• Recent studies indicate the desert is stable at nadir satellite
observations at decadal scale

Objectives
• Characterize the long-term stability of the Sonoran Desert
with Aqua MODIS C6 data at GOES viewing geometries
• Develop a desert-based vicarious calibration method to
inter-calibrate the GOES Imager visible channels traceable to
Aqua MODIS C6 calibration standard

Sonoran Desert

GOES-8 through G15 Imager Ch1 SRFs

Satellite Data
Satellites

Observation time
(local)

Data Period

GOES-East, 75W

~12:35pm

11/01/1994 - (GOES-8/12/13)

GOES-West, 135W

~12:15pm

09/30/1995 – (GOES-9/10/11/15)

Aqua MODIS

~1:30pm

07/04/2002 – 03/16/2013

Hyperion

~10:50am

8 cloudless images

GOES/Aqua Viewing Geometries

Sun position around the local noon time

Challenges for the GOES Inter-Calibration
• Target should be long-term stable at GOES viewing
geometries
– Radiometrically
– Spatially
– Spectrally

• Transfer the GOES observations to MODIS
– No ray-matching pixels
– Difference viewing angles and viewing azimuth angles
– Different SRFs between GEO and LEO

• Trending of GOES desert reflectance
– BRDF
– Dynamic atmospheric effects
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Removal of Cloud/Vegetation Pixels
• First, thresholds derived
from reflectance
histogram to remove the
highly contaminated
pixels
• Then use the recursive
filtering method to
remove the residual
partially contaminated
ones

Long-term Radiometric Stability

Uniformity Stability
CoV = standard deviation/mean refl.

Time-series of MODIS clear pixel CoV at GOES-East and GOES-West viewing zenith angles

Long-term seven-day minimum composite CoV values for GOES-East and GOES-West satellites

Spectral Stability
• Use the GOES-13 and Aqua
MODIS spectral band adjustment
factor (SBAF) as the index
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Reference Reflectance – Viewing Geometry Correction
• Solar zenith angle correction

Rmod is ,mod is − szn * cos(θ ) = a1 + b1 *θ + c1 *θ
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where θ is the solar zenith angle (SZN) and Rmodis, modis-szn is the MODIS reflectance at their observation SZN angles.

Reference Reflectance – Viewing Geometry Correction
• Relative Azimuth Angle (RAA) correction

10 days of cloudless GOES-13 and
GOES-15 target observations,
between 11:00am – 2:00pm (local
time)

C RAA = R goes / Rmod is =

a 2 + b2 * RAAgoes + c * RAAgoes * RAAgoes
a 2 + b2 * RAAmod is + c * RAAmod is * RAAmod is

Rmod is , goes − geometry = Rmod is ,mod is − szn * C RAA

Spectral Correction

Scatter-plots of SBAFs versus simulated MODIS reflectance for GOES-12 and GOES-13.

TOA Reflectance Trending
• Trending
function

R pre ,t = a + bt + ct 2 + m1 e dt sin(αt + β 1 ) + m 2 e dt sin( 2αt + β 2 )

• Trending
residual

Error Budget

GOES-East
G08
BRDF

G12

G13

GOES-West
G09

G10

G11

SZN(%)

0.75

0.43

RAA(%)

0.09

0.08

0.98

0.29

MODIS reflectance (%)

G15

SBAF(%)

0.15

0.19

0.07

0.17

0.21

0.24

0.08

Trending analysis (%)

0.52

0.47

0.36

0.49

0.53

0.50

0.29

Combined Uncertainty 1.35
(%)

1.34

1.29

0.74

0.77

0.76

0.60

Comparison with the Operational Calibration Results

Difference between desert-based calibration correction adjustment factors (this study) and those of the operational
calibration method for GOES-8, 10, 11, 12, 13 and 15.

Conclusions
• The Sonoran desert area is long-term radiometrically, spatially
and spectrally stable, except for 2004-2005 years.
• The combined calibration uncertainty of the desert calibration
method is less than 1.5% for GOES-East satellites and 1% for
GOES-West satellites at the Aqua MODIS C6 calibration standard.
• The calibration correction adjustment factors from the desert
method in this study are less than 6% difference from those
generated from the operational calibration method.
• The desert-based vicarious calibration method can be extended to
data from the early spinner GOES satellites as early as the late
1970s for climate studies.

